Enzyme replacement via liposomes. Variations in lipid compositions determine liposomal integrity in biological fluids.
Liposomes survive exposure to biological fluids poorly, extruding trapped enzymes, drugs, or solutes upon interaction with serum or plasma constituents. We have quantified the disruptive effects of human serum on liposomes and have studied whether various modifications in their phospholipid composition might produce liposomes with an increased carrier potential for application in vivo. Multilamellar liposomes (phosphatidycholine 70:dicetyl phosphate 20:cholesterol 10) were prepared with 3H-labeled phosphatidylcholine as the lipid phase marker and [14C]inulin and horseradish peroxidase as aqueous phase markers. Gel exclusion chromatography showed that 32 +/- 3% of [14C]inulin and 27 +/- 7% of horseradish peroxidase were lost after 1 h incubation with 10% (v/v) human serum. Loss of aqueous solutes was reduced to 20 +/- 5%/h and 17 +/- 2%/h, respectively, after treatment with decomplemented serum (56 degrees C, 30 min). Loss induced by serum was concentration and time dependent: to 57 +/- 2% at 1 h and 67 +/- 14% at 24 h, with 50% serum; plasma was slightly less perturbing whereas human serum albumin was not at all disruptive. By incorporating sphingomyelin (35 mol%) into multilamellar liposomes, the leakage of [14c]-inulin in the presence of 10% serum was reduced to 12 +/- 4%/h; increasing the molar percentage of cholesterol to 35% also stabilized the lipid bilayers, reducing leakage to 20 +/- 7%/h. Both small and large unilamellar vesicles could not be stablilized against serum-mediated leakage by the incorporation of sphingomyelin. The data suggest that cholesterol and sphingomyelin enhance liposomal integrity in the presence of serum or plasma and promise to yield enhanced survival of drug-laden lipid vesicles in biological fluids in vivo.